Kor. J. Appl. Microbiol. Bioeng.
Vol. 16, No. 2, 98—104 (1988)

Polysaccharide Production by a Gram Negative
Facultatively Anaerobic Rod

Yoo, Jin-Youngl*, Young-Jo Koo', Dong-Hwa Shin' and Dong-Hyo Chung2

'Food Research Institute/ AFMC, Banweol, Hwaseonggun, Kyonggido 445-820, Korea
2 Department of Food Science and Technology, Chung Ang University, Seoul 156-756, Korea

OEe REol o8 SR £ &
BIgRK > - RER -ARAK - BRE
RAEDTBAN BERSHARE *PRAFK ASNIEH

A bacterial isolate FRI-33 which produces hydrophillic polysaccharide was identified and its cul-
tural condition was investigated. FRI-33 was identified as Enterobacter agglomerans. The optimum
cultural conditions for polysaccharide production were 30°C, pH 5.7, using medium composed of glu-
cose 25 g/I, peptone 2 g/, yeast extract 0.5 g/1, KH,PO, 1 g/1, MgSO,TH,0 1 g/1, CaCO; 2.5
g/ 1. The polysaccharide production after 72 hours was 8.41 g/ /. The polysaccharide was composed
of galactose (1.0 mole), xylose (1.5 mole), gluconodeltalactone (1.9 mole) and ribose (0.03 mole).
The apparent viscosity of 1 % polysaccharide solution was 504 mPa.s at 60 rpm and intrinsic visco-

sity was 45.80 d//g.

Polysaccharides are very important materials as
stabilizers or gelling agents in pharmaceutical(1,2),
paint(5) and food industries(1,2,6). They are pro-
duced mainly from seeds, plant exudate and sea-
weeds(6). The availabilities of the raw materials de-
pend upon many environmental factors(2). In this
sense, the microbial production of polysaccharides
by fermentation is preferred to the conventional
production. Many microorganisms (8-10) synthesize
a variety of polysaccharides which have unique and
useful rheological properties(11-16). In a series of
screening program of polysaccharide-producing
bacteria, we isolated several candidates capable of
producing a viscosifying polymer. This paper re-
ports the cultural condition of strain FRI-33 and
viscometric data of the polysaccharide.

Materials and Methods

Microorganism and cultivation
Strain FRI-33, which was from plant, was used

in this study. The test bacterium was grown on Nut-
rient Agar at 30°C and transferred every two
weeks. Starter culture was grown in YM broth (Dif-
co). The inoculum was 5%. The medium used con-
tained the following composition per liter of dis-
tilled water: Glucose 25 g/l, peptone 2.0 g/l,
MgSO,7TH,0 1.0 g/, yeast extract 0.5 g/ I, CaCO,
2.5 g/1. Culture was performed in 250 m/ erlen-
meyer flask on rotary shaker (120 rpm) or Bioflo
C-30 fermentor (New Brunswick, U.S.A., working
volume: 1.5 /, 400 rpm, 1vvm).

Polysaccharide recovery(17,18)

Isopropanol precipitiation technique was used for
recovery. Two volumes of isopropanol was mixed
with cell-free supernatant of culture broth and the
precipitated polysaccharide was filtered. The reco-
vered polysaccharide was freezedried and weighed.

Hydrolysis of polysaccharide
The purified polysaccharide was digested with 2
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N sulfuric acid in boiling water bath for 24 hours,
neutralized with barium hydroxide, filtered and de-
salted with Amberlite IR-120 column chromato-

graphy.

Analysis(19)

Dry cell weight was determined by turbido-
metry. Sugar was determined by HPLC (Waters,
U.S.A.) with Carbohydrate analysis column and RI
detector. The mobile phase was acetonitrile/ water
(85/15) and the flow rate was 1.5 m// minutes. Vis-
cosity was measured by Brookfield viscometer
(Spindle No. 3, 25°C, Brookfield Inst. Co.,
U.S.A.) and Cannon Fenske capillary viscometer
(U.S.A).

Identification of microorganism(20)

The microorganism was identified by the me-
thod described in Bergey’s Manual of Systematic
Bacteriology.

Result and Discussion
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Fig. 1. Transmission electron micrograph of strain
FRI-33 (A: Higher magnification, Bar = 0.5 um)

Identification of bacterium

The strain FRI-33 was identified by morpho-
logical and biochemical characteristics (Table 1,
Fig. 1). The organism was gram negative, facultati-
vely anaerobic, motile rod (0.71-0.98 x 1.48-2.94
pm) with fermentative metabolism. It produced
acid and gas from glucose, raffinose, trehalose,
xylose, maltose, mannose, rhamnose and arabi-

Table 1. Morphological and biochemical characteristics of strain FRI-33

Reaction Record Reaction Record
Gram reaction : negative Acid and gas from

Colony transparent Glucose : positive
Motility positive Galactose 1 positive
Cell size 0.71-0.98 x 1.48-2.94 um Raffinose : positive
Metabolism fermentative Trehalose : positive
Growth facultatively anaerobic Xylose : positive
Oxidase negative Maltose : positive
Catalase positive Lactose : positive
Urease negative Fructose : positive
Gelatin hydrolysis : negative Sucrose : positive
Lysine decarboxylase : negative Mannose : positive
Ornithine decarboxylase : negative Rhamnose : positive
Arginine dihydrolase : positive Mannitol : positive
Indole formation : negative Ribose : positive
Hydrogen sulfide(TSI) : negative Arabinose : positive
DNase negative Dulcitol : positive
Methylred negative Salicin : positive
VP : positive ‘Utilization of

Nitrate reduction positive Citrate : positive
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nose. It did not utilize malonate but citrate. Posi-
tive reactions were recorded in arginine dihydro-
lase, nitrate reduction and VP tests. Negative re-
actions were found in lysine decarboxylase, or-
nithine decarboxylase, methylred, starch hydro-
lysis, hydrogensulfide and DNase formation. From
these characteristics, FRI-33 was identified as En-
terobacter agglomerans(20).

Cultural condition

Optimum carbon source: To find optimum car-
bon source for polysaccharide production by Ente-
robacter agglomerans FRI-33, mono-, di- and tri-
saccharide were used as carbon sources (Table 2).
Enterobacter agglomerans FRI-33 produced much
more cell from raffinose and lactose than other
sugars used. The organism preferred glucose and
mannose for polysaccharide production and pro-
duced 8.42 g/ (vield: 33.68 %) and 8.43 g/ (yield:
33.72 %) of polysaccharide from the respective
sugar. The specific rates of polysaccharide produc-

Kor. J. Appl. Microbiol. Bioeng.

polysaccharide produced depending upon the car-
bohydrates used(21). This kind of difference in
culture viscosity caused by carbon source was re-
ported by Nakayama et al.(22). The pH change was
observed on glucose and mannose media. From the
above result, glucose was concluded as an optimum
carbon source. Normally, glucose(23), fructose(22)
and sucrose(17) were major substrates for microbial
polysaccharide production.

Optimum nitrogen source: Organic and inorga-
nic nitrogen source was added to the liquid medium
at the concentration of 2 g// and compared for the
effect on the polysaccharide production (Table 3).

Peptone was found to be the best nitrogen sour-
ce for the polysaccharide production by Enterobac-
ter agglomerans FRI-33 and ammonium sulfate was
secondly favorable. The polysaccharide produc-

Table 3. Effect of nitrogen sources on the polysaccha-
ride production by Enterobacter agglomerans FRI-33
after 72 hours of incubation at 30°C

tion were 99.11 and 96.76 mg/g-cell/A. It also pro- Nitrogen Crude polymer Yield Final
duced copious amount of polysaccharide from suc- source (C3)] (%) pH

rose and maltose, however, lactose was not satisfac- NH,CI 4.81 19.24 6.27
tory. The culture viscosity was very high when using Urea 3.60 14.40 6.40
raffinose, sucrose and maltose. The apparent vis- (NH,).S04 7.40 29.60 6.64
cosities were 820, 556 and 522 mPa.s. It was interes- NaNO; 3.46 13.84 6.41
ting that culture viscosity was very low on mannose Peptone 8.42 33.68 3.60

medium where more than 8 g// of polysaccharide
was produced. The fact might be due to the possible
change in the properties of polysaccharides of the

Nitrogen source: 2g/l/, Basal medium: Glucose 25g,
Yeast extract 0.5 g, MgS04-7H,0O 1g, KHyPO4 1g,
CaCO3 2.5¢/1, Initial pH 5.7

Table 2. Effect of sugar sources on the polysaccharide and cell production by Enterobacter agglomerans FRI-33 after

72 hours of incubation at 30°C

Sugar source Cell(g/l)  Crude(g//)polymer Yield(%) Qp(mg/g/h) Viscosity(mPa.s)  Final pH
Glucose 1.18 842 33.68 99.11 188 3.6
Raffinose 2.44 4.99 21.39 28.40 820 5.9
Lactose 2.29 3.26 13.73 19.77 42 5.6
Mannose 1.21 8.43 33.72 96.76 18 3.4
Sucrose 1.62 6.06 25.52 51.96 556 5.6
Maltose 1.65 6.00 25.26 50.51 522 5.7
Fructose 1.37 5.24 20.96 53.12 470 5.1

Viscosity was measured by Brookfield viscometer with spindle No. 3 at 60 rpm at 25°C. Basal medium: Peptone 2g,
Yeast extract 0.5g MgS04-7H20 1g, KHyPO, 1g, CaCO3 2.5 g//, Sugar; Glucose, Mannose Fructose 25g, Raffinose
23.33g, Lactose, Sucrose, Maltose 23.75g, Initial pH 5.7
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tions (yields) for the respective nitrogen source were
8.42 g/1 (33.68 %) and 7.40 g/! (29.60 %). Nitro-
gen source was reported to affect the synthesis
of microbial cell(23) and normally extracellular
polysaccharide was synthesized in nitrogen-limited
culture(22,24).

Optimum pH: Table 4 shows the effect of in-
itial pH on the polysaccharide production by Ente-
robacter agglomerans FRI-33. The polysaccharide
production was higher at lower pH and decreased
with the increase of initial pH. The optimum pH
was concluded to be 5.7 which was similar to those
for Bacillus polymyxa(25) and Alcaligenes facalis
(26). Amemura and Harada(27) reported that intro-
duction of buffering system for pH control could
not be satisfactory to raise the production yield so
much as the addition of calcium carbonate.

Optimum temperatures: Effect of incubation
temperature on the polysaccharide production is
shown in Table 5. The biomass accumulation was
not so much affected by temperature change, how-
ever, the optimum temperature for polysaccharide
production by Enterobacter agglomerans FRI-33
was found to be 30°C. The polysaccharide produc-
tion and specific rate of polysaccharide production
were 8.41 g/ and 98.99 mg/g-cell/h, respectively.
The optimum temperature was similar to those re-
ported by Iwamuro et a/.(28) and Yim et a/.(29).

Fermentation pattern
Enterobacter agglomerans FRI-33 was grown in
glucose medium in 2 / jar fermentor and polysac-

Table 4. Effect of initial pH on the polysaccharide pro-
duction by Enterobacter agglomerans FRI-33 after 72
hours of incubation at 30°C

Initial Crude polymer Yield
pH (g/) (%)
4.5 7.74 30.95
5.7 8.42 33.68
6.5 4.51 18.04
7.5 4.91 19.62
8.5 4.52 18.08

Medium: Glucose 25g, Peptone 2g, Yeast extract 0.5g,
KH,PO,4 1g, MgSO, 1g, CaCO3 2.5g//

4.0 7.0

3 6.0 %

.0‘ e
< X <
S \‘ 0/0/_,___% 5.0%.
F= s 13
5 20b\ Vas : Yig
=% ~L 00 S w
ey K m |t
g e {ufs
=t /! ‘e | =]
25 . 1.0%-:;
Ce ol oo . 0

101

Table 5. Effect of temperature on the polysaccharide
and cell production by Enterobacter agglomerans FRI-
33 after 72 hours of incubation at 30°C

Temp.(°C) 20 25 30 35 40

Cell(g/)) 1.09 1.11  1.18 1.36 1.11
Crude

polymer (g/})

Yield (%) 29.84 32.80 33.64 32,58 3254
Qp (mg/g/h)- 95.06 102.60 98.99 83.13 101.85
Final pH 3.40 360 3.60 3.60 3.70

7.46 820 841 814 8.14

Medium: Glucose 25g, Peptone 2g, Yeast extract 0.5g,
MgS04-7H,0 1g, KHoPO, 1g, CaCO3 2.5 g/, Initial pH
5.7

charide production was monitored (Fig. 2). The
glucose was exhausted in the initial stage of fermen-
tation, biomass and polysaccharide production
were drastically accumulated. Final bjomass and
polysaccharide production were 2 g//and 4.7 g/ |,
respectively. pH of culture broth dropped to 3.8.
Maximum volumetric glucose consumption rate,
volumetric polysaccharide production rate and
yield were 1.58 g///h, 0.36 g///h and 23.05 %.

Sugar analysis of polysaccharide

Sugar composition of sulfuric acid hydrolyzate
of the polysaccharide produced by Enterobacter ag-
glomerans FRI-33 was as shown in Fig. 3. The
polymer was found to be a heteropolysaccharide
composed of galactose (1.0 mole), xylose (1.5
mole), gluconodeltalactone (1.9 mole) and ribose
(0.03 mole).

10 20 30 40 50 60 70
Time in hours pH,

Fig. 2. Time course of polysaccharide production by

Enterobacter agglomerans FRI-33 at 30°C (air: 1vvm,

agitation: 400rpm)
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Fig. 3. High performance liquid chromatograms of
standard. mixture(A) and FRI-33 polysaccharide hydro-
lyzate(B) Solvent: Acetonitrile/ Water (85:15)

Viscometry of polysaccharide solution

Capillary viscometry(30) for dilute solution was
conducted to measure the intrinsic viscosity of
FRI-33 polysaccharide by fitting to Kraemer’s and
Huggins’ equation (Fig. 4). The intrinsic viscosity
was 45.80 d//g. The relative viscosity of 0.003 %
aqueous solution was 1.12. Concentration depen-
dency of aqueous solution was also studied (Fig. 5).
The viscosities of 0.5%, 1.0% and 2% solution
were 50, 504 and 3,748 mPa.s at 60 rpm. When ana-
lyzing the data, double logarithmic plotting was
more probable as follow(31,32):

log K=1log Ko+alogC
where K is viscosity, K is intercept and C is con-
centration.

501
45.80

301

1

0 1.0 2.0 3.0 4.0
Concentration(%)
Fig. 4. Reduced and inherent viscosity of FRI-33 poly-

saccharide (O: RV, @:1V)
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The a value and K, were 2.98 and 432 mPa.s,
respectively. Fig. 6 shows the shear rate dependency
of 0.25 % FRI-33 polysaccharide solution when fit-
tirig to Power law equation. The flow behaviour in-
dex and consistecy coefficient were 0.638 and 73.28
mPa.s, respectively. The aqueous solution had also
temperature dependency as shown in Fig. 7, so that
viscosity increased with lowering the temperature.
The activation energy of flow was 8.328 Kcal/
mole, indicating higher sensitivity than the polysac-
charide solution produced by Bacillus polymyxa
(33). Fig. 8 shows viscosity change of polymer in
buffer solution. The solution had pH optimum at
pH 5.6 for maximum viscosity, which was consis-
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Fig. 6. Shear rate vs. shear stress of FRI-33 polysaccha-

ride solution (0.25%, flow behaviour index: 0.638, Con-

sistency coefficient: 73.28. mPa.s)
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Fig. 8. pH dependence of FRI-33 polysaccharide solu-
tion (0.98%)
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tent to the optimum pH for polysaccharide pro-
duction. Some polysaccharides(1) such as xanthan-
gum and PS-7 were reported as having wide range
of pH stability.
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yeast extract 0.5 g// KH,PO, 1.0 g/l MgSO,-7H,0
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